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Old World Hantaviruses in Rodents in New Orleans, Louisiana
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Abstract. Seoul virus, an Old World hantavirus, is maintained in brown rats and causes a mild form of hemorrhagic
fever with renal syndrome (HFRS) in humans. We captured rodents in New Orleans, Louisiana and tested them for the
presence of Old World hantaviruses by reverse transcription polymerase chain reaction (RT-PCR) with sequencing, cell
culture, and electron microscopy; 6 (3.4%) of 178 rodents captured—all brown rats—were positive for a Seoul virus
variant previously coined Tchoupitoulas virus, which was noted in rodents in New Orleans in the 1980s. The finding of
Tchoupitoulas virus in New Orleans over 25 years since its first discovery suggests stable endemicity in the city. Although
the degree to which this virus causes human infection and disease remains unknown, repeated demonstration of Seoul
virus in rodent populations, recent cases of laboratory-confirmed HFRS in some US cities, and a possible link with
hypertensive renal disease warrant additional investigation in both rodents and humans.

INTRODUCTION

Hantaviruses are enveloped, tripartite, single-stranded,

negative-sense RNA viruses belonging to the Bunyaviridae

family, genus Hantavirus.1 Hantaviruses are maintained in

rodents and shrews, usually with a tight pairing between the

specific virus and host species. The Hantavirus genus is tax-

onomically divided into Old (i.e., Eurasia) and New World

(i.e., the Americas) groups that are associated with distinct

diseases: hemorrhagic fever with renal syndrome (HFRS)
and hantavirus pulmonary syndrome, respectively. At least

seven pathogenic Old World hantaviruses have been recog-

nized. One Old World virus, Seoul, can be found worldwide,

typically in urban environments, a finding which is attributed

to the unintentional transportation of its reservoir, the brown

or Norway rat (Rattus norvegicus), around the world on ships

beginning in the seafaring middle ages.2 Seoul virus infections

typically result in a milder form of HFRS, usually without

overt hemorrhage.1,3

Brown rats and potentially, Old World hantaviruses are

found in almost all cities in the world, with high population

densities in port cities. New Orleans, Louisiana, located at the

Mississippi River outlet to the Gulf of Mexico, is one of North

America’s oldest and busiest port cities. In the 1980s, Tsai

and others4 reported the results of studies of hantaviruses in

various US cities; over 30% of 79 rodents trapped along the

waterfront in New Orleans were positive for antibodies to

Old World hantaviruses, and a Seoul virus variant, which they

coined Tchoupitoulas virus, was isolated from a brown rat by

reverse transcription polymerase chain reaction (RT-PCR).4,5

No additional investigation of hantaviruses has been con-

ducted in New Orleans. Because of the potential risk to public
health from hantavirus-infected rodents, we sought to deter-

mine if Tchoupitoulas or other hantaviruses are still present in

rodents in the city.

MATERIALS AND METHODS

This study was approved by the Tulane University Insti-

tutional Animal Care and Use Committee and Biosafety

Committee. Potentially infectious materials were handled at

biosafety level 3 at the Regional Biosafety Laboratory facili-

ties at the Tulane National Primate Research Center.
Study site selection. Rodent trapping was conducted peri-

odically between July of 2008 and April of 2010. Rodent trap

sites were a convenience sample based on routine rodent

control activities of the New Orleans Mosquito, Termite, and

Rodent Control Board responding to trouble calls or as part

of routine rodent management services. Trap areas included

wharf areas bordering the Mississippi River and confluent

canals, external areas of private residences, and areas of high

human traffic (Figure 1). Global Positioning System (GPS)
coordinates of all trap sites were taken.
Capture and processing of rodents. Tomahawk live capture

traps (Tomahawk Live Trap, Hazelhurst, WI) were placed

along building borders, near burrows, or at sites of reported

rodent activity. Approximately 25 traps were set per night.

Traps were baited with peanut butter-coated wafers, set out
before sunset, and then, checked at daybreak the next day.

Captured rodents were brought in their traps to a processing

center at the New Orleans Mosquito, Termite, and Rodent

Control Board, where they were assigned a unique identifi-

cation number and euthanized using vaporized isofluorane.

The rodent species (based on morphometric analysis), sex,

weight, total length (snout to tail), tail length, and presence

of ectoparasites were recorded. Necropsies were performed

to collect samples of blood, lung, kidney, pancreas, liver, and

spleen as previously described.6 Samples were stored at

−80 °C until laboratory analysis.
RT-PCR and genetic characterization of viruses. Lung

tissue from all rodents was homogenized and tested by RT-

PCR using a primer set that amplifies a 281-base pair region

of the small (S) segment of all Old World hantaviruses.7

Amplicons of the correct size were then gel-extracted, cloned

into the pCR4-TOPO vector (Invitrogen, Carlsbad, CA),

and sent for commercial sequencing (GENEWIZ, Inc.,

Southfield, NJ). Resulting sequences were then aligned

using ClustalX8 and analyzed using MrBayes (Bayesian)9

or MEGA5.2 (www.megasoftware.net) neighbor-joining,
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maximum likelihood, and maximum parsimony software10

for comparison with known hantavirus sequences in the

National Center for Biological Information database.
Virus isolation. Virus isolation from selected RT-PCR–

positive rodents was carried out using a modification of the

method outlined by Elliott and others.11 Briefly, gravity-

settled lung homogenates were prepared and blind pas-

saged two times on subconfluent Vero E6 cells. Virus

presence was validated by RT-PCR of culture supernatant,

immunofluorescence assay, and electron microscopy of

infected cells.
Immunofluorescence assay. Vero E6 cells grown in eight-

well glass chamber slides were mock-infected or infected

for 24 hours and then fixed with 4% paraformaldehyde for

10 minutes at 4 °C. Cells were then permeabolized with

0.05% Triton-X for 10 minutes and blocked with 5% bovine

serum albumin and 10% goat serum in phosphate-buffered

saline (PBS). Cells were sequentially stained with mouse anti-

Seoul virus nucleocapsid monoclonal antibody (PROGEN

Biotechnik GmbH, Heidelberg, Germany) and a goat anti-

mouse Alexa-fluor 488 secondary antibody (Invitrogen,

Carlsbad, CA), and then, they were visualized on an Olympus

IX51 Inverted Microscope (Center Valley, PA).
Transmission electron microscopy. Specimens were fixed

overnight at 4 °C with 2.5% glutaraldehyde in 0.1 M sodium

cacodylate buffer (pH 7.4). Samples were post-fixed for

1 hour with 0.5% osmium tetroxide/0.8% potassium ferricy-

anide, 1 hour with 1% tannic acid, and overnight with 1%

uranyl acetate at 4°C. Samples were dehydrated with a

graded ethanol series and embedded in Spurr’s resin. Thin

sections were cut with a Leica UCT ultramicrotome (Vienna,

Austria) and stained with 1% uranyl acetate and Reynold’s

lead citrate before viewing at 120 kV on an FEI Tecnai BT

Spirit transmission electron microscope (Hillsboro, OR). Digi-

tal images were acquired with an AMT digital camera system

(AMT, Chazy, NY) and processed using Adobe Photoshop

CS5 (Adobe Systems Inc, San Jose, CA).

RESULTS

Trap success and species distribution. From a total of 1,932
trap nights, 178 animals were captured (trap success = 9.2%),
including 135 (75.8%) brown rats and 43 (24.2%) roof rats
(R. rattus). The ratio of males to females was 2:1 for both
species. Six (3.4%) rodents, all brown rats, were RT-PCR–

positive (four female adults, one male adult, and one female
juvenile). Positive rodents were noted at two trap sites (one
site along the Mississippi River and the second site in a resi-
dential neighborhood approximately 2 miles to the north) on
two separate occasions 6 months apart (Figure 1).
RT-PCR and phylogenetic analysis. Sequence analysis of

selected RT-PCR–positive rodents revealed 99% homology
with the previously identified Tchoupitoulas variant of Seoul
virus.4 Given the almost identical sequences of the 281-base
pair amplicons produced, a representative sequence was used
for phylogenetic comparison (Figure 2). Phylogenetic analysis
confirmed that all rodent-derived hantavirus sequences from
this study belonged to the same branch as the previously
identified Tchoupitoulas virus within the Seoul virus clade.
Congruency between Bayesian and bootstrapped neighbor-
joining, maximum parsimony, and maximum likelihood analy-
ses of Clustal alignments validated the phylogenetic assignment
(data not shown).
Virus isolation, immunofluorescence assay, and electron

microscopy. RT-PCR on Vero E6 cell culture supernatant
produced the expected 281-base pair product amplified from
infected tissues (data not shown). Immunofluorescence assay
testing of cells revealed classical punctate, cytoplasmic staining

Figure 1. Rodent trap sites in New Orleans. RN = Rattus norvengicus; RR = Rattus rattus.
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of hantavirus nucleocapsid protein. Electron microscopy
showed classic hantavirus morphology of pleomorphic, ovoid
virions ranging from 80 to 120 nm in diameter (Figure 3).

DISCUSSION

Our results show that the Tchoupitoulas variant of Seoul
virus is still present in the brown rat population in New
Orleans, although at low prevalence. The finding of this same
virus over 25 years since its first discovery suggests a stable
endemicity in the city. It remains unknown whether human
infection and disease caused by Tchoupitoulas virus have
occurred in New Orleans, although the 1982 report by Tsai
and others5 on the testing of 57 rodent and mosquito control
personnel, virology laboratory workers, and sanitarians in
New Orleans for anti-Hantaan virus immunoglobulin G (IgG)
antibody by immunofluorescence assay showed no positives.5

No systematic testing has been done since that time, and no
routine surveillance for hantavirus infection or HFRS exists
in the city. Additionally, clinical laboratory testing for hanta-
viruses is not routinely available.
In addition to New Orleans, serologic evidence of Seoul

or related Old World hantaviruses has been reported in

rodents in Baltimore, Maryland12–17; Houston, Texas13,18,19;
Philadelphia, Pennsylvania13,18,19; Cincinnati, Ohio; Columbus,
Ohio; Los Angeles, California20; New York, New York;
San Francisco, California; Seattle, Washington; Tacoma,
Washington; Hilo, Hawaii4; and areas of North Carolina,12

Maryland,West Virginia,21 Minnesota, California,21,22 Alaska,21

and Mississippi,23 with hantavirus isolates and/or PCR amplifi-
cation available from rodents in Houston and Philadelphia.18

The distribution of infected rodents may be extremely local-
ized,14 which we noted in our study.
Serologic evidence of human exposure to Old World han-

taviruses has been shown in Baltimore,17,24–27 Los Angeles,20

and various counties of Colorado, Maryland, North Carolina,
and West Virginia.28 Nevertheless, only five cases of HFRS
caused by Seoul virus infection have been reported in the
United States: one case each in Maryland29 and southern
Texas30 and three retrospectively identified in Baltimore,
Maryland.3 Only the Maryland case was definitively con-
firmed through PCR. Only the case from southern Texas was
fatal, with the patient showing significant pulmonary involve-
ment, which is usually associated with New World hanta-
viruses. No specific exposure to rodent excreta could be
shown in these five cases. In addition to acute HFRS, an

Figure 2. Maximum likelihood phylogenetic tree showing relatedness of a representative hantavirus (NOLa68; bold) indentified from rodent
samples collected in New Orleans, Louisiana, with other Old World hantavirus sequences available from GenBank. The tree compares partial
S-segment sequences (nucleotide positions 973–1253 of accession number M14626.1) and was constructed using the Tamura three-parameter
model with g-distributed rate heterogeneity and a proportion of invariant sites (T92 + G + I). Each branch shows the GenBank accession number
followed by common virus identifier. The scale bar indicates nucleotide substitutions per site. GenBank accession numbers of sequences derived
from this study are KF683313, KF683314, and KF683315. DOBV = Dobrava virus; HTNV = Hantaan virus; PUUV = Puumala virus; SEOV =
Seoul virus; TULV = Tula virus.
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association of Old World hantavirus infection and chronic
hypertensive renal disease has been suggested,3,31,32 although
no long-term sequelae were noted in a controlled trial of
persons with past HFRS caused by Hantaan virus.33

The degree to which Old World hantaviruses present a
threat to public health in the United States remains murky
and probably varies considerably by city and region. It may,
indeed, be that human infection is rare, considering that
infections with rodent-borne viruses seem to be rare, even
when rodent contact is frequently reported.25 However, the
milder clinical illness associated with HFRS caused by Seoul
virus may often impede recognition, especially considering
that most physicians in the United States are likely unfamil-
iar with this condition. The situation is further compounded
by the absence of formal surveillance or readily available
laboratory diagnostics. Nevertheless, the repeated demon-
stration of Seoul virus in rodent populations, recent cases of
laboratory-confirmed HFRS caused by Seoul virus, and the
possible link with chronic hypertensive renal disease warrant
additional enzootic investigation and human surveillance of
Old World hantaviruses in New Orleans and other US cities.
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